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Fig. 1. Au/CdZnTe/Au device structure schematic.
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Table 1.  Basic parameters of CdZnTe crystali,

Parameters Value Parameters Value

Band gap/eV 1.6 Dielectric constant 10.9
Conduction band density/cm™ 9.14x10'7 Optical recombination rate/(cm3s?) 1.5%x10710
Valence band density/cm * 5.19x10'® Electronic auger coefficient/(cm®s 1) 5x10 %
Electron mobility /cm?/(V-s) 1000 Hole Auger coefficient/(cm®s™) 1x10%
Hole mobility /cm?/(V-s) 100 Acceptor band tail state/(cm eV 1) 7.5x10M

Donor band tail state/(cm 3-eV!) 7.5x10™

# 2 CdZnTe ShiAEAARREDR Y HAF H 12U
Table 2.  Basic information of the energy levels in the CdZnTe crystal matrix®!.
Level position/eV ~ Type Density/cm?® Electron capture cross section/cm? Hole capture cross section/cm?

Ey+0.86 Donor 5x 101

3x10 3x10 1
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#3  CdZnTe A RAER I HEA (B L)
Table 3. Basic information of energy levels in the
grain boundary of CdZnTe crystal2=30,

Electron Hole
Level Type Density capture capture
position/eV Jem® cross cross
section/cm? section/cm?
Ez-0.10 Donor 1x10%2 1.2x10%  1.2x10°10
By + 014 Acceptor 1x102  25x105  25x1016
Ey + 0.75 Acceptor  5x10'2 3x101 3x101

#4890 nm WAEHE ISR -3
Table 4.

illumination®=34,

Basic parameters of 890 nm sub-bandgap

Wavelength/ Extinction  Refractive Absorption
nm coefficient £ index n  coefficient/cm !
890 1.417x10* 2.9196 10
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Fig. 2. Simulation results of Au/CdZnTe/Au device with and without illumination under unbiased voltage: (a) Electron concentra-

tion distribution; (b) space charge distribution; (c) electric field distribution; (d) energy band structure diagram of Au/CdZnTe/Au.

226101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 226101

Sar, I H H TR IR AGT, DA S 2
FRE & TR A MR FRE. B 20) BinEfd
ToIG Y CdZnTe fhiA =S [ HL M7 73 A1, 7E A8
S HRE T i Ak B 233 Tea] v A R 3 AH HE T TE O IS
BEEALK, i A R o S T 00 P 225 ] R ey 227080, X T
AEJE F T 70 A5 6 I 2k 78 A A TR g
G A MR A T AR, A G IR A AR
TR ERER I L F R A FARARIRATE B
PR W L T A AR TR A2 S BB i A AR/, TR
5% FREGIHL BN, 4 1] HLfu vk B2 AT

K 2(c) B T IEIERN AR HHEIR R CdZnTe
A AR NS FL A 43T, 1h T R R A 1 £ 2 [ F ey 2
i S T 000 ) 1 255 [ FRL A 43 A, A A S P 1 T
HLl7, S B2 N L 1) 5 A A O L A 1) A
2, PRBEAE 5 i S W AR 1t 1 v TIP3 15 1Y)
HLZ A . TE AR IR IR, AR A R
PR 1% 22 [ F i e 32 A, 9 VP 0 11 s, 37 B85 A
XFFICCIE R REAR. HIAE WA LR CdZnTe
A R A A0 T3 I RSV E R R 1 2(d) Bir
AN JCIRIE T CdZnTe FdRRIRERTIA, 8] 2(d)
7o A GIR K CdZnTe SHRRERFIE, I 2(d)
R W A5 B G  1% CdZnTe fhiRBE &,
L FICIE R Ry #fa, 7E AR HOLIRTR, A
Ab FIREHT B A2 AR, X 5 XA HE — 8, 160
AR EHRR b AU 2R T B BHARAE R R

3.2 SMIRETIEEFE KRN

1E 100 V AMIMEHET, XA Ey+0.75 eV
WS 5x 1012 em™ 5 5x 10 em3 ) CdZnTe
A ARHEST T 5 EURE Y. LR A 4 AT AN 3(a) PR,
Am S BRI 5% 1012 cm 3 By CdZnTe SR H N
HLZ A M0, T AR 510 cm
) CdZnTe fifiA PB4 HEL I 76 df A A D B T 38
X, T EdE A, SEIX A 2 F B s A 5%
KAJEEN . FEFLIX, §HOE 200+ — 9K 3h 7).
SR 1R by N = i 4 | BEA 2 A O Ol s 8= e O
R T 218 A 3 2837 IS ER RO AR

HRAE 3.1 19 B iR A% A1 O BRAT 14 35 e #
2VER. i THRSEAEAM IR e AR S e T
Al A ERFE HR 5101 em ® ) CdZnTe fhiRk N %5
[i) R ] S PN FEL 37 0 A1 R MR R 100 VT,
KRG A 1x108 W/em?, 3% KA 890 nm 1))
WM CdZnTe B A, & 3(a) B I AE 4%

M, CdZnTe HYHLZIASAS /N, FLIZFEIX /). 3%
Al fig /2 T CdZnTe %5 W] HLfif 43 A AR AL BT B0
& 3(b) /&AM T CdZnTe {423 6] B, fif 43
M, fh P2 (] FLap ok B St i T i RO 2 ]
e B, FE AR HOEIRT, AR M i T
K, BT WA P A L 3080 )N, DALt r 37 P i A8 R /)N
K 3(c) 7& CdZnTe f A dh S A1 25 ] o A 53 A
TETOOCIRSRMET, M BRFEVRE 5101 cm™ 1%
FLBRBA M E 51012 cm ® i CdZnTe %5 [8] H, fif 43+
AAHLL. ZEAMIMRE T, S ERE TR 5% 10" cm 3
i) CdZnTe figri & A WAL, K BEHARX g T
%, SEIEBAN TR 2, Wi R
TR BN 30 380 BH AR 32 s/ 1) 25 [B) LA 43 AT . 2
m P T BE RS R 5% 101 cm 3 2315 5 A
1) [ LA VR P LT 2, 30 A0 I iy i 3 i
JEAR, BT B T 400 T IBEIX . SR 7E I A5 4k
WETR, 25 (Bl oy vk B2 A T A8 A, 78 A A Y
25 () F o Ve B 3 R, R A X /. X ] DL ek
JER) SRH (Shockley-read-hall ) & & 45 B JE 17 i
g 156371 R SRH BB T 2008 7 7E B P g
P 6 At L BRAE SRR B AR P, ANl 3(e)
FiR: (1-2) Falf L (M 25 %) B BkIA BB 73K
(3-4) T (& 70) MBRFEREH B T4 (Mol )
B (5-6) HLF (&5 7X) Bk FE RE 2 3] 70 (M
W) G B R B PR A AR R B 2 T
FEVRBEZ b RS s . Y S L BRGE
IR B P APIRAS I, 78 S A e M2+ 2 1l
d IR B, HL BRI )N, TR SRR I
T, ML = 547, BRI R, ML T
JERATR, AR G RETT b 200 P 225 ] i 3 ik
JIN, AT 72 [ R A BE 4 . PRECT R
e MM R, N 3(d) i, 5 Eikitis—
. ARG BT o R RE Gy o5 i

RS A5 5 i R BRBE M RE CdZnTe S 1A 9 T4
o R R ) IR R BRI VR BE Y CdZnTe A
AR it = H s 2 A A, DRI MG L 3 00 A

3.3 AEIEFEXEITEIFS AN
AT AR I 3 I Y AR AT O B RE ok A AR
B CdZnTe sk NI 040, B T FHE—T5
T YV A O IR T G k% CdZnTe NS HL %20
A, ANSCHE 100 VR 20 BIERFEAS ) 56 5 AN ]

226101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Electric field/(10% V-cm~1)

Electron concentration/(10° cm=3)

& 3

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 226101
Anode Cathode Anode Cathode
4.0 e 50
(a) FHHE x 1012 =3 = (b)
3.5 —— S 0
¢ JOHE5 X 10 cm—? O
3.0 T —a— ~ —50}
AYEHE5 X 1014 cm—3 ‘O
—
2.5F y < —100f
g
20 & = —150}
s X 2
15} A S 200} .
/./A/ Y ;fj TeHHE5 X 1012 cm =3
1.0 S~ _ | T
s /» g —20 FIEHS X 1014 e
0.5 & ——
s 5 —300F A5 X 101 cm =3
0 *'*"".‘""'. N 0000-0-6-0-0—0— 6 350 X X X X
0 200 400 600 800 1000 0 200 400 600 800 1000
Depth/pm Depth/pm
Anode Cathode Anode Cathode
1.0
—— e
() FoHHE5 X 1012 cm—3 5 () FHHES X102 em = Feymts x 101 cm—
—— —a—
0.8 FEHEHRS X 1014 em =3 A5 X 1014 cm 3
T 28
AEHE5 X 1014 cm—3 g g
0.6 r—-—u—oa—o/--uo_ __8 :)
=)
k" e ey = o =
Ve »”’l)? R
0.4 e by < B
[ =1
' N @
| £ 8
02} “‘A ? S
J
0 - P N N N N N
0 200 400 600 800 1000 0 200 400 600 800 1000
Depth/pm Depth/pm
@ 00 0o 00O €D nore
E¢
@ Electron
1) (3) (5)
Electron Electron Electron
capture emission photoemission
Ep
(2) (4) (6)
Hole Hole Hole
capture] emission photoemission
Ey

DD DD

100 V i JE F A To6 B Au/CdZnTe/Au #5147 B 45 5

LB (c) SRELHUH -7
Fig. 3. Simulation results of Au/CdZnTe/Au device with and without illumination under 100 V bias voltage: (a) Electric field dis-
tribution; (b) space charge distribution; (c) positive space charge distribution; (d) deep donor ionization density; (e¢) SRH model =37,
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5. Basic parameters of different wavelengths

sub-bandgap illumination*—34,
Wavelength/ Extinction — Refractive Absorption
nm coefficient £ index/n  coefficient/cm *
850 2.707x10* 2.9511 40
890 1.417x10* 2.9196 10
940 3.540%x10° 2.8796 5
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Fig. 4. Simulation results of Au/CdZnTe/Au device under 100 V bias voltage: (a) Electric field distribution under sub-bandgap illu-
mination with different wavelengths; (b) electric field distribution under sub-bandgap illumination with different intensities.
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Fig. 5. Energy band model of Au/CdZnTe/Au device with and without illumination: (a) Energy band model without illumination

under unbiased voltage; (b) energy band model with illumination under unbiased voltage ;(c) energy band model without illumina-

tion under applied bias voltage; (d) energy band model with illumination under applied bias voltage.
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Influence of sub-bandgap illumination on electric field
distribution at grain boundary in CdZnTe crystals®
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Abstract

Grain boundary is one of the main defects, limiting the large-area application of CdZnTe nuclear radiation
imaging detectors. In order to explore the ways to improve the electric field distribution properties near grain
boundary, the effect of sub-bandgap illumination on the electric field distribution in CdZnTe detector with
grain boundary is studied by Silvaco TCAD simulation technique. The grain boundary potential barrier and
electric field dead zone are found in simulation results that significantly affect the carrier transport process in
CdZnTe detector. The electric field dead zone caused by the grain boundary disappears under the bias of sub-
bandgap illumination. Thus the electric field distribution tends to be linear. Meanwhile, the effects of different
wavelengths and intensities of sub-bandgap illumination on the electric field distribution at the grain boundary
are also investigated. The results show that the electric field of CdZnTe is distorted by sub-bandgap
illumination at an intensity lower than 1x10° W/cm? In contrast, a flatter electric field distribution is
achieved at a wavelength of 850 nm and an intensity of 1x107 W/cm? The carriers can be transported by
drifting, reducing the probability of being captured or recombined by defects during transport, thus improving
the charge collection efficiency of the detector.

In addition, the microscopic mechanism of the modulation of the electric field distribution by sub-bandgap
illumination and the energy band model of CdZnTe crystal containing grain boundary are proposed. Owing to
the existence of the grain boundary, two space charge regions are formed near the grain boundary. The energy
band at the grain boundary is bent upward. Meanwhile, the metal-semiconductor contact forms a Schottky
barrier, and the energy band near the electrode is bent upward. When the bias voltage is applied, the energy
band structure of the CdZnTe tends to tilt from the cathode to the anode. The sub-bandgap illumination can
lower the energy band barrier at the grain boundary and regulate the energy band on both sides of the grain
boundary. It is believed that this discussion will also make some contributions to understanding of the effects of
illumination and grain boundary in other types of optoelectronic devices, especially the applications of thin films

in solar cells and detectors.
Keywords: CdZnTe, grain boundary, silvaco, sub-bandgap illumination

PACS: 61.72.1j, 61.72.y, 85.25.0j, 78.56.Cd DOI: 10.7498 /aps.71.20220896

* Project supported by the Natural Science Foundation of Fujian Province, China (Grant No. 2020J05239) and the Young
Scientists Fund of the National Natural Science Foundation of China (Grant No. 51702271).
1 Corresponding author. E-mail: guorr2020@163.com

226101-8


http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.3390/s130709414
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1109/TNS.2012.2194509
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1016/0925-3467(94)00065-4
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1063/1.1713411
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1016/S0927-796X(01)00027-4
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.342810
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.1063/1.356025
http://doi.org/10.7498/aps.71.20220896
http://doi.org/10.7498/aps.71.20220896
mailto:guorr2020@163.com
mailto:guorr2020@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T H HHEXTCAZnTe b A H & 7 B 7 AR IR M
AR hists dEw XNHA AR HKeH

Influence of sub—bandgap illumination on electric field distribution at grain boundary in CdZnTe crystals

Chen Wei-Long  Guo Rong-Rong  Tong Yu-Shen  Liu Li-Li ~ Zhou Sheng-Lan  Lin Jin-Hai

515 &, Citation: Acta Physica Sinica, 71, 226101 (2022) DOI: 10.7498/aps.71.20220896
TEZE[7]1E View online: https:/doi.org/10.7498/aps.71.20220896
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TRLEEXoF /N A R BRI A B Sl il ) b A AR S R4
Phase field crystal simulation of the effect of temperature on low—angle symmetric tilt grain boundary dislocation motion

WIFEAEA. 2019, 68(17): 170504 hitps://doi.org/10.7498/aps.68.20190051

IR F X5 /N A B AR T AR i A 5 328 I ) 1) By (A A 3741

Phase field crystal simulation of effect of misorientation angle on low—angle asymmetric tilt grain boundary dislocation motion

YIFIEH. 2020, 69(14): 140504  https://doi.org/10.7498/aps.69.20200133

12 3y i 5 U R O3 A LA I R AR 5

A phase—field study on interaction process of moving grain houndary and spinodal decomposition

yFEEEAR. 2022, 71(7): 078101 https:/doi.org/10.7498/aps.71.20211973

AR R WU T3 A/ N E XRS5 5552 i S IO 4 it (A AR 740

Phase field crystal simulation of strain-induced square phase low—angle symmetric tilt grain boundary dislocation reaction

PyFEEEAR. 2022, 71(9): 096102 hitps://doi.org/10.7498/aps.71.20212278

PRl LR N Y S SN s R DA )
The nucleation and growth of Helium hubbles at grain boundaries of bee tungsten: a molecular dynamics simulation

WIFRZEAR. 2020, 69(4): 046103  https://doi.org/10.7498/aps.69.20191069

BB R IR LS R N AERTIE

Internal friction characteristics of compacted billet of metal powder in sintering process

WIFRZEAR. 2019, 68(12): 126101 https:/doi.org/10.7498/aps.68.2019003 1


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220896
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20190051
https://doi.org/10.7498/aps.69.20200133
https://doi.org/10.7498/aps.71.20211973
https://doi.org/10.7498/aps.71.20212278
https://doi.org/10.7498/aps.69.20191069
https://doi.org/10.7498/aps.68.20190031

